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A four-part, randomized, crossover study with healthy subjects evaluated the effects of gastric pH, the dosing
frequency and prandial state, food consumption timing, and gastric motility on the absorption of posaconazole.
In part 1, a single dose (SD) of posaconazole (400 mg) was administered alone or with an acidic beverage or
a proton pump inhibitor (PPI), or both. In part 2, posaconazole (400 mg twice daily and 200 mg four times
daily) was administered for 7 days with and without a nutritional supplement (Boost). In part 3, an SD of
posaconazole (400 mg) was administered while the subjects were fasting and before, during, and after a
high-fat meal. In part 4, an SD of posaconazole (400 mg) and the nutritional supplement were administered
alone, with metoclopramide, and with loperamide. Compared to the results obtained with posaconazole alone,
administration with an acidic beverage increased the posaconazole maximum concentration in plasma (Cmax)
and the area under the concentration-time curve (AUC) by 92% and 70%, respectively, whereas a higher gastric
pH decreased the posaconazole Cmax and AUC by 46% and 32%, respectively. Compared to the results obtained
with posaconazole alone, posaconazole at 400 mg or at 200 mg plus the nutritional supplement increased the
posaconazole Cmax and AUC by 65% and 66%, respectively, and by up to 137% and 161%, respectively.
Administration before a high-fat meal increased the Cmax and the AUC by 96% and 111%, respectively, while
administration during and after the meal increased the Cmax and the AUC by up to 339% and 387%,
respectively. Increased gastric motility decreased the Cmax and the AUC by 21% and 19%, respectively.
Strategies to maximize posaconazole exposure in patients with absorption difficulties include administration
with or after a high-fat meal, with any meal or nutritional supplement, with an acidic beverage, or in divided
doses and the avoidance of proton pump inhibitors.

Posaconazole is an extended-spectrum triazole antifungal
with potent in vitro and in vivo activities against many clinically
important yeasts and molds (16, 27). The agent has demon-
strated efficacy as treatment for patients with refractory inva-
sive fungal infections (IFIs), including aspergillosis (12, 26, 36,
39), and as antifungal prophylaxis for neutropenic patients and
hematopoietic stem cell transplant (HSCT) recipients with
graft-versus-host disease (GVHD) (5, 35). Posaconazole is ap-
proved for use in the United States for the prophylaxis of
invasive Aspergillus and Candida infections in immunocompro-
mised patients and the treatment of oropharyngeal candidiasis,
including infections refractory to itraconazole or fluconazole,
or both (31). In the European Union, the agent is approved for
use as treatment for refractory IFIs, as first-line treatment for
oropharyngeal candidiasis in immunocompromised patients or
patients with severe disease, and as prophylaxis for IFIs in
patients receiving remission-induction chemotherapy for acute
myelogenous leukemia or myelodysplastic syndromes and
HSCT recipients (33).

The pharmacokinetics of posaconazole have been studied in
healthy volunteers (6), patients with refractory IFIs or febrile
neutropenia (34), patients with acute myelogenous leukemia and
neutropenia (19), and HSCT recipients with GVHD (17) or neu-
tropenia with or without mucositis (13). Posaconazole is well

absorbed after oral administration and has a large volume of
distribution (V), suggesting extensive tissue distribution (6).
Posaconazole exhibits dose-proportional pharmacokinetics for
doses of up to 800 mg/day (6). Posaconazole has a half-life (t1/2)
of approximately 35 h, its maximum concentration in plasma
(Cmax) is achieved about 3 to 5 h postadministration, and steady
state is attained by 7 to 10 days (6, 14; G. Krishna and A. Sansone-
Parsons, presented at the 41st American Society of Health-Sys-
tem Pharmacists Midyear Clinical Meeting and Exhibition, Ana-
heim, CA, 3 to 7 December 2006). In healthy volunteers, age,
gender, and race or ethnicity do not have a clinically relevant
effect on the pharmacokinetics of posaconazole (30). Similar
plasma posaconazole concentrations have been observed in adult
and pediatric patients with IFIs (18).

In healthy volunteers, the administration of posaconazole
oral suspension with a high-fat meal, a low-fat meal, or a liquid
nutritional supplement (Boost Plus) increases the mean area
under the concentration-time curve (AUC) values by 4-fold,
2.6-fold, and 2.6-fold, respectively, compared with the AUCs
achieved with administration in the fasted state (8, 29). Under
fasted conditions, administration of the total daily dose as
divided doses increases the level of exposure to posaconazole
compared with that achieved by use of a single dose (11). Thus,
much is known about the pharmacokinetics of posaconazole.

However, because of the increased use of posaconazole by
seriously ill patients with gastric absorption difficulties, such as
those associated with GVHD, and by patients with gastroin-
testinal motility disorders, including chronic diarrhea and gas-
trointestinal reflux disease, factors that could affect the oral
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absorption of posaconazole should be better defined. There-
fore, the purpose of the study described here was to evaluate
the pharmacokinetics of posaconazole in healthy volunteers
under well-controlled conditions that simulate the various clin-
ical scenarios that may be encountered in patients who require
posaconazole therapy. Specifically, the study evaluated the ef-
fects of gastric pH, the posaconazole dosing frequency and
prandial state, the timing of food consumption relative to the
time of posaconazole administration, and gastric motility on
the absorption of posaconazole.

(The information described here was presented in part at
the 18th European Congress of Clinical Microbiology and In-
fectious Diseases, 2008 [G. Krishna, A. Moton, L. Ma, D.
Malavade, M. M. Medlock, and J. McLeod, Effect of gastric
pH, dosing regimen and prandial state, food and meal timing
relative to dose, and gastrointestinal motility on absorption
and pharmacokinetics of the antifungal posaconazole, poster
P1264].)

MATERIALS AND METHODS

Patient population. This phase 1, mechanistic, open-label, randomized, cross-
over, single-center study was conducted in four parts, with a planned enrollment
of 12 healthy volunteers in each part. Each subject participated in only one part.

The study was conducted in accordance with the principles of good clinical
practice and the Declaration of Helsinki and was approved by an accredited
institutional review board. All study participants gave written informed consent
before they underwent any study-related procedures.

Inclusion and exclusion criteria. Subjects between the ages of 18 and 55 years
with a body mass index between 20 and 30 kg/m2 were eligible for enrollment.
The results of the physical examination and the electrocardiogram (ECG) were
required to be within normal limits, and the results of clinical laboratory tests
(complete blood count, blood chemistries, and urinalysis) were also required to
be within normal limits or clinically acceptable. All subjects were to have nega-
tive screens for drugs with a high potential for abuse. Women were required to
be nonlactating, to test negative for pregnancy at screening, and either to be of
nonchildbearing potential or to have practiced effective double-barrier contra-
ceptive methods from at least 2 weeks prior to the start of the study and were to
practice double-barrier contraception until 30 days after they took the last dose
of study medication. Men were required to use a barrier method of contraception
from the start of the study until 30 days after they took the last dose of study
medication.

Subjects were excluded if they had a history of any significant medical disorder
that required a physician’s care, any clinically significant local or systemic infec-
tious disease within 4 weeks prior to study drug administration, mental instabil-
ity, or mood disorder. They were also excluded if they smoked tobacco or used
other tobacco products or if they had used any drugs, including prescription,
nonprescription, herbal, or mineral supplements other than acetaminophen, for
at least 2 weeks prior to the study or alcohol within 48 h prior to drug admin-
istration and for the entire study period. Subjects were excluded if they had
received any investigational drug within 30 days of the start of the study or were
participating in another clinical trial. Subjects who tested positive for the human
immunodeficiency virus, hepatitis B virus surface antigen, or hepatitis C virus
antibodies were also excluded.

Treatment. After a screening period of up to 21 days for each part of the study,
the subjects were admitted to the study center on day �2 for part 1 and on day
�1 for all other parts. Subjects who were scheduled for treatment in a fasted
state underwent a 10-h overnight fast before they received treatment. All subjects
received oral posaconazole suspension (40 mg/ml). Subjects were to refrain from
tobacco use throughout the study; from alcohol, caffeine, or xanthine consump-
tion for 48 h prior to study drug administration and during confinement at the
study center; and from exercise or physical exertion for 72 h prior to each
confinement period and during the confinement.

Parts 1 through 3 were conducted in a four-way crossover manner, and part 4
was conducted in a three-way crossover manner. Each treatment in parts 1, 3,
and 4 was separated by a 7- to 10-day washout; in part 2, each treatment was
separated by a 14- to 21-day washout.

Part 1 investigated whether there were differences in posaconazole absorption
when the gastric pH was decreased via the concomitant administration of an

acidic carbonated beverage or when the gastric pH was increased through phar-
macologic intervention with the proton pump inhibitor (PPI) esomeprazole
(Nexium; AstraZeneca, Wilmington, DE). The subjects were randomized to
receive the following treatments: a single 400-mg dose of posaconazole while
fasting; a single 400-mg dose of posaconazole and an acidic carbonated beverage
(ginger ale, 12 oz) while fasting; a 40-mg esomeprazole capsule once in the
morning for 3 days (days �2 to 1, during which scheduled meals were permitted)
and on the third day (day 1) with a single 400-mg dose of posaconazole while
fasting; and 40 mg esomeprazole once in the morning for 3 days (days �2 to 1,
during which scheduled meals were permitted) and on the third day (day 1) with
a single 400-mg dose of posaconazole and an acidic carbonated beverage (ginger
ale, 12 oz) while fasting.

Part 2 examined the effects of the frequency of posaconazole administration
and prandial state on posaconazole absorption. The subjects were randomized to
receive the following treatments for 7 days: 400 mg posaconazole twice daily
(BID) administered with a nutritional supplement (Boost [Novartis Nutrition
Corporation, Fremont, MI] or an equivalent type of nutritional supplement), 400
mg posaconazole BID while fasting, 200 mg posaconazole four times daily (QID)
administered with a nutritional supplement, and 200 mg posaconazole QID while
fasting. The subjects remained fasted for the entire duration of each 7-day
treatment period. Nonfat snacks, not to exceed a total of 800 cal per day, such as
apples and oranges and/or gelatin dessert were permitted at designated times.
Snacks were permitted on days 1 to 6 at 2 h following each dose for the BID
treatment periods and at 2 h following the first, second, and third daily doses for
the QID treatment periods; no snacks were permitted between the fourth dose
of the day and first dose of the following day for the QID treatment periods.
Food consumption resumed for each treatment period after the collection of the
24-h sample for pharmacokinetic analysis on day 8; no food intake was permitted
after the final snack on days 6 to 8.

Part 3 assessed the effects on posaconazole absorption when the agent was
administered before, during, and after a meal. The subjects were randomized to
receive a single 400-mg dose of posaconazole under the following conditions:
while fasting, 5 min before a high-fat meal (approximately 50 g fat), in the middle
of a high-fat meal that was eaten over 20 min (with the dose taken after
approximately 10 min, when half the contents of the meal had been consumed),
and 20 min after a high-fat meal.

Part 4 studied the effects of gastric motility on posaconazole absorption. In
addition to a single 400-mg dose of posaconazole, the subjects were randomized
to receive a nutritional supplement, a nutritional supplement and 10 mg meto-
clopramide (Reglan; Wyeth, Madison, NJ) administered orally three times daily
on the day before and the day of posaconazole dosing, and a nutritional supple-
ment and a single dose of 4 mg loperamide given as two 2-mg tablets.

Pharmacokinetic analysis. In each part of the study, blood samples for the
determination of plasma posaconazole concentrations were collected predosing
(0 h) and at 1, 2, 4, 5, 6, 8, 12, 24, 48, 72, 96, 120, 144, and 168 h postdosing. Blood
collection began on the day of administration of the single posaconazole dose in
parts 1, 3, and 4 and on day 7 in the morning (the subjects received only the
morning dose on that day) in part 2.

For each time point, 4 ml of whole blood was collected in prechilled tubes
containing EDTA. Within 30 min of collection, the blood samples were centri-
fuged at 1,500 � g and 4°C for approximately 15 min. Each plasma sample was
collected, divided evenly, placed into two labeled, prechilled polypropylene
tubes, and immediately frozen at or below �20°C. All plasma samples used for
pharmacokinetic analysis were assayed for their posaconazole concentrations by
a validated liquid chromatographic-tandem mass spectrometric method by the
Schering-Plough Research Institute, Summit, NJ (32). The assay had a lower
limit of quantitation of 5.00 ng/ml, a calibration range of 5.00 ng/ml to 5,000
ng/ml, a precision (coefficient of variation [CV]) of 6.2% to 2.5%, and an
accuracy (mean percent difference) of �1.0 to 4.0. The values of the pharma-
cokinetic parameters were calculated by using WinNonLin software (version
4.0.1), distributed by Pharsight (Cary, NC). Plasma concentration data were used
to estimate the following parameters: Cmax, the AUC to the final measurable
sampling time (AUCtf), the AUC during the dosing interval (AUC�), the time to
Cmax (Tmax), t1/2, apparent total body clearance (CL/F), and the apparent volume
of distribution (V/F). The pharmacokinetic parameters of primary interest were
Cmax and AUC.

The terminal-phase rate constant (K) was calculated as the negative of the
slope of the log-linear terminal portion of the plasma concentration-time curve
by using linear regression; t1/2 was calculated as ln(2)/K; AUCtf and AUC� were
calculated by using the linear trapezoidal method and were extrapolated to
infinity (AUCI) as (AUCtf/Cest-tf)/K (where Cest-tf is the estimated concentration
determined from the linear regression at the final measurable sampling time);
CL/F was calculated as dose/AUCI; and V/F was calculated as (CL/F)/K.
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Safety analysis. Safety and tolerability were assessed on the basis of adverse
events, vital sign measurements, clinical laboratory test values, and 12-lead ECG
results. Adverse events were tabulated by body system or organ class and severity
and were summarized by treatment. The severities of adverse events were graded
as mild, moderate, severe, or life-threatening by using the National Cancer
Institute’s Common Terminology Criteria for Adverse Events. Clinically signif-
icant laboratory abnormalities were to be reported as adverse events.

Statistical analysis. The log-transformed values of the pharmacokinetic
parameters were analyzed statistically by using an analysis of variance model and
extracting the effects due to treatment, subject, period, and sequence. The pri-
mary comparisons were against 400 mg posaconazole under the fasted condition
for parts 1 to 3 and against 400 mg posaconazole administered with a nutritional
supplement for part 4. Ratio estimates and 90% confidence intervals were cal-
culated for relative bioavailability for all primary comparisons.

RESULTS

Patient demographics. A total of 49 healthy volunteers were
enrolled in this study (Table 1). Fifty-five percent were men,
78% were white, and the mean age was 34.3 years. Twelve
subjects were treated in each of parts 1 through 3, and 13
subjects were treated in part 4. Two subjects (one in part 2 and
the other in part 4) withdrew consent and discontinued treat-
ment for reasons unrelated to the study medication.

Pharmacokinetics. Table 2 summarizes the values of the key
pharmacokinetic parameters of posaconazole administered
under various conditions.

(i) Part 1: effect of gastric pH. Compared with the results
achieved with a single 400-mg dose of posaconazole given
alone under fasting conditions, the coadministration of 400 mg
of posaconazole with an acidic carbonated beverage increased
the mean posaconazole Cmax and AUC by 92% and 70%,
respectively (Table 3). The administration of posaconazole
under increased gastric pH conditions (coadministration with
esomeprazole) decreased the mean posaconazole Cmax and
AUC by 46% and 32%, respectively. Similarly, the coadminis-
tration of posaconazole with an acidic carbonated beverage
and esomeprazole together decreased the mean posaconazole
Cmax and AUC by 33% and 21%, respectively. The plasma
concentration-time profile of posaconazole is shown in Fig. 1.
The posaconazole t1/2 was not appreciably affected by the dif-
ferent treatments (Table 2). Compared to the results achieved
with posaconazole alone or with an acidic carbonated bever-
age, coadministration with esomeprazole (with or without an

acidic carbonated beverage) reduced the intersubject variabil-
ities (CV) for Cmax (CV, 55% to 58% versus 34% to 37%,
respectively) and AUC (CV, 49% to 53% versus 35% to 41%,
respectively).

(ii) Part 2: effect of dosing regimen (BID/QID) and prandial
state. Compared with the results obtained with posaconazole
given alone at 400 mg BID for 7 days under fasting conditions,
the administration of posaconazole at 400 mg BID with a
nutritional supplement increased the mean posaconazole Cmax

and AUC by 65% and 66%, respectively (Table 3). The ad-
ministration of posaconazole at 200 mg QID under fasting
conditions increased the mean posaconazole Cmax and AUC by
136% and 161%, respectively. The administration of posacon-
azole at 200 mg QID with a nutritional supplement increased
the mean posaconazole Cmax and AUC by 137% and 157%,
respectively. The posaconazole plasma concentration-time
profiles under these conditions are shown in Fig. 2. The me-
dian Tmax decreased from 6 h with BID dosing to 4 h with QID
dosing, regardless of whether posaconazole was administered
alone or with a nutritional supplement (Table 2). Compared
with the results obtained with BID administration, QID ad-
ministration reduced the variability in posaconazole exposure
for Cmax (CV, 61% to 62% versus 44%, respectively) and AUC
(CV, 73% to 89% versus 49% to 54%, respectively).

(iii) Part 3: effect of food and meal timing relative to dose.
Compared with the results obtained with a single 400-mg dose
of posaconazole administered under fasting conditions, the
administration of 400 mg posaconazole 5 min before a high-fat
meal increased the mean Cmax and AUC by 96% and 111%,
respectively (Table 3). The administration of posaconazole
during a high-fat meal increased the mean Cmax and AUC by
339% and 382%, respectively. Similarly, the administration of
posaconazole 20 min after a high-fat meal increased the mean
Cmax and AUC by 333% and 387%, respectively. The posacon-
azole plasma concentration-time profiles under different meal
conditions are shown in Fig. 3. The median Tmax was the
longest (8 h) when posaconazole was administered during a
high-fat meal (Table 2). The CVs for the posaconazole Cmax

and AUC values ranged from 44% to 106% and 44% to 68%,
respectively. The relatively high intersubject variability for
Cmax was due to one outlier in the fasted treatment period.

TABLE 1. Demographic characteristicsa

Characteristic Part 1 (n � 12) Part 2 (n � 12) Part 3 (n � 12) Part 4 (n � 13)

Sex (n �%�)
Male 9 (75) 8 (67) 6 (50) 4 (31)
Female 3 (25) 4 (33) 6 (50) 9 (69)

Age (yr)
Mean (SD) 33.3 (13.9) 33.5 (11.7) 39.9 (10.5) 30.3 (7.8)
Median (range) 30.0 (18–55) 32.0 (19–51) 40.5 (24–52) 29.0 (20–43)

Race (n �%�)
White 10 (83) 8 (67) 12 (100) 8 (62)
Black 1 (8) 4 (33) 0 5 (38)
Asian 1 (8) 0 0 0

BMI (kg/m2)
Mean (SD) 24.50 (2.53) 26.09 (2.50) 25.40 (2.92) 24.03 (2.14)
Median (range) 24.75 (20.3–28.1) 26.00 (23.0–29.3) 26.15 (20.3–30.0) 23.90 (20.8–28.1)

a n, number of subjects; BMI, body mass index; SD, standard deviation.
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(iv) Part 4: effect of gastric motility. Compared with the
results obtained with a single 400-mg dose of posaconazole
administered with the nutritional supplement, the administra-
tion of posaconazole at 400 mg and the nutritional supplement
under conditions of increased gastric motility (coadministra-
tion with metoclopramide) decreased the mean Cmax and AUC
by 21% and 19%, respectively (Table 3). In contrast, the ad-
ministration of posaconazole at 400 mg with the nutritional
supplement under conditions of reduced gastric motility (co-
administration with loperamide) decreased the mean Cmax by
3% and increased the mean AUC by 11%. The posaconazole
plasma concentration-time profile for each treatment is shown
in Fig. 4. The median Tmax values were similar when posacon-
azole was administered alone (5.5 h) and with loperamide (5 h)
or metoclopramide (5 h). The CVs ranged from 32% to 42%
for Cmax and from 42% to 54% for AUC (Table 2).

Safety. The incidence of adverse events was 25% (3/12 sub-
jects) in part 1, 75% (9/12) in part 2, 25% (3/12) in part 3, and
38% (5/13) in part 4. All adverse events were of mild (parts 1,
3, and 4) or mild or moderate (part 2) in intensity. No subject
discontinued the study due to an adverse event. In part 1,
adverse events of diarrhea, upper respiratory tract infection,

headache, and dry skin each occurred in no more than one
subject. The most common adverse events in part 2 were diz-
ziness (33%; 4/12), headache (25%; 3/12), and asthenia (25%;
3/12). In part 3, each adverse event occurred in no more than
one subject. Common adverse events in part 4 included nausea
(23%; 3/13), fatigue (15%; 2/13), and dizziness (15%; 2/13). No
clinically significant changes in blood chemistry or hematologic
parameters, vital signs, or ECG results were reported in any
treatment group.

DISCUSSION

This phase 1, open-label, randomized, crossover, four-part
study with healthy volunteers showed that posaconazole ab-
sorption is affected by gastric pH, prandial state, and the timing
of dose administration relative to the time of a meal.

Part 1 of this study examined the effect of low gastric pH on
posaconazole absorption. Abnormal gastric pH levels are a
common clinical scenario in patients who are likely to require
antifungal therapy; such individuals often present with gastro-
intestinal disorders that increase acid reflux and therefore are
treated with PPIs. The findings of this study demonstrated that

TABLE 2. Mean values of pharmacokinetic parameters

Treatment Cmax (ng/ml) AUC (ng � h/ml)a Tmax
b (h) CL/F (liters/h) t1/2 (h) V/F (liters)

Part 1: effect of gastric pH (nc � 12)
Posaconazole 400 mg SDd 151 (58)e 5,600 (53) 5 (3–6) 83.6 (51) 27.4 (22) 3,330 (53)
Posaconazole 400 mg SD � acidic carbonated

beverage
286 (55) 9,610 (49) 4 (3–6) 52.2 (57) 25.2 (16) 1,840 (50)

Posaconazole 400 mg SD � PPI 76.7 (37) 3,700 (41) 6 (4–6) 116 (42) 25.7 (15) 4,350 (51)
Posaconazole 400 mg SD � PPI � acidic

carbonated beverage
93.3 (34) 4,180 (35) 6 (4–12) 97.4 (33) 27.8 (36) 3,920 (48)

Part 2: effect of dosing regimen (BID/QID) and
prandial state (n � 12)

Posaconazole 400 mg BID alone (7 days)f 982 (62) 52,300 (89) 6 (3–12) 54.6 (71) 25.7 (23) NRg

Posaconazole 400 mg BID � nutritional
supplement (7 days)f

1,590 (61) 80,600 (73)h 6 (0–8) 33.9 (58)h 29.5 (28) NR

Posaconazole 200 mg QID alone (7 days) 2,300 (44) 132,000 (54) 4 (0–6) 21.2 (71) 34.7 (39) NR
Posaconazole 200 mg QID � nutritional

supplement (7 days)f
2,160 (44) 112,000 (49) 4 (0–5) 20.4 (53) 27.8 (41) NR

Part 3: effect of food and meal timing relative to
dose (n � 12)

Posaconazole 400 mg SD fasted 181 (106) 4,280 (44) 5 (3–8) 110 (62) 24.5 (26) 3,580 (39)
Posaconazole 400 mg SD before meal 274 (70) 10,000 (68) 7 (4–12) 57.4 (63) 23.9 (21) 1,900 (55)
Posaconazole 400 mg SD during meal 555 (44) 20,900 (49) 8 (5–12) 24.3 (58) 22.8 (29) 793 (67)
Posaconazole 400 mg SD after meal 544 (50) 21,000 (48) 6 (5–12) 23.7 (54) 22.6 (28) 757 (51)

Part 4: effect of gastric motility (n � 13)
Posaconazole 400 mg SD � nutritional supplement

(n � 12)
303 (40) 8,960 (42) 5.5 (5–6) 49.4 (34)i 24.3 (15)i 1,660 (24)i

Posaconazole 400 mg SD � nutritional
supplement � metoclopramide (n � 13)

232 (32) 7,390 (45) 5 (4–6) 59.6 (43)j 27.7 (29)j 2,280 (42)j

Posaconazole 400 mg SD � nutritional
supplement � loperamide (n � 12)

294 (42) 10,400 (54) 5 (4–6) 44.6 (43)k 27.5 (11)k 1,750 (41)k

a AUC to final measurable sampling time.
b Values are medians (ranges).
c n, number of subjects.
d SD, single dose.
e Unless indicated otherwise, values in parentheses are percent CV.
f n � 11; no concentration data were available for one subject.
g NR, not reported.
h n � 10; no concentration data were available for one subject; the predose concentration was missing for one subject.
i n � 9; pharmacokinetic parameters for three subjects were excluded due to extrapolated area of �25% of total AUC.
j n � 12; pharmacokinetic parameters for one subject were excluded due to extrapolated area of �25% of total AUC.
k n � 11; pharmacokinetic parameters for one subject were excluded due to extrapolated area of �25% of total AUC.
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the coadministration of posaconazole with an acidic carbon-
ated beverage that could provide a milieu of low pH increased
the level of posaconazole absorption, whereas the administra-
tion of posaconazole under increased gastric pH conditions
(coadministration with esomeprazole) decreased the level of
absorption because of improved solubility. Since t1/2 was not
appreciably affected by any of the treatments, the treatment
effect on posaconazole exposure is postulated to be primarily
at the absorption level (i.e., the AUC, which is likely the most
useful predictor of antifungal efficacy).

The finding that posaconazole absorption is affected by gastric
pH differs from the finding of a previous study in which the

coadministration of posaconazole 200 mg with an antacid (max-
imum-strength Mylanta) increased the Cmax of posaconazole by
7% and the AUC by 15% (7), differences that were considered
clinically nonsignificant. The findings of the earlier study may be
attributable in part to the use of an experimental tablet formula-
tion of posaconazole (7), whereas the subjects in the trial de-
scribed here received posaconazole as an oral suspension. During
the development of posaconazole, the suspension formulation
was selected in preference to the tablet because greater exposure
is achieved following oral administration when posaconazole is
administered as a suspension (8). The findings may also be ex-
plained by differences in the degree and the duration of acid

FIG. 1. Mean posaconazole plasma concentration-time profiles following administration of a single oral dose of posaconazole at 400 mg alone,
with an acidic carbonated beverage, with esomeprazole, or with both an acidic carbonated beverage and esomeprazole.

TABLE 3. Ratio estimate of log-transformed pharmacokinetic parameters

Treatment comparison Cmax (ng/ml) AUC (ng � h/ml)a

Part 1: effect of gastric pH (n � 12)
Posaconazole 400 mg SDb � acidic carbonated beverage vs posaconazole alone 192 (151–244)c 170 (143–2,030)
Posaconazole 400 mg SD � PPI vs posaconazole alone 54 (43–69) 68 (57–81)
Posaconazole 400 mg SD � PPI � acidic carbonated beverage vs posaconazole alone 67 (53–86) 79 (66–94)

Part 2: effect of dosing regimen (BID/QID) and prandial state (n � 12)
Posaconazole 400 mg BID � nutritional supplement vs posaconazole 400 mg alone 165 (129–211) 166 (130–213)
Posaconazole 200 mg QID alone vs posaconazole 400 mg alone 236 (184–302) 261 (204–335)
Posaconazole 200 mg QID � nutritional supplement vs posaconazole 400 mg alone 237 (186–304) 257 (200–330)

Part 3: effect of food and meal timing (n � 12)
Posaconazole 400 mg SD before meal vs fasted 196 (148–259) 211 (160–278)
Posaconazole 400 mg SD during meal vs fasted 439 (332–580) 482 (366–635)
Posaconazole 400 mg SD after meal vs fasted 433 (328–573) 487 (370–642)

Part 4: Effect of gastric motility
Posaconazole 400 mg SD � nutritional supplement � metoclopramide vs

posaconazole 400 mg � nutritional supplement
79 (72–87) 81 (72–91)

Posaconazole 400 mg SD � nutritional supplement � loperamide vs posaconazole
400 mg � nutritional supplement

97 (88–107) 111 (99–125)

a The AUC to the final measurable sampling time for parts 1, 3, and 4 and the dose-normalized AUC during the dosing interval (AUC�/dose) for part 2.
b SD, single dose.
c Values in parentheses are 90% confidence intervals.
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suppression between PPIs and antacids. For example, patients
with gastroesophageal reflux disease who were treated with
esomeprazole at 40 mg once daily for 5 days had a mean 24-h
gastric pH of 4.9 and had a gastric pH greater than 4 for 16.8 h (70%
of 24 h) (1). In contrast, antacids, which are inorganic salts, do not
raise the gastric pH above 4 or 5 and have a duration of action of up
to 3 h when they are given with or 1 h after a meal (23).

Studies have shown that gastric pH also affects the absorp-
tion of some other azole antifungals. Itraconazole, ketocona-
zole, and posaconazole are all poorly water soluble and are
highly lipophilic; therefore, an acidic environment and the
presence of food would be expected to enhance their solubility
(2, 4, 13). Similar to the increased level of posaconazole ab-
sorption achieved in the present study with its coadministra-
tion with an acidic carbonated beverage, the coadministration

of a 100-mg itraconazole capsule with a cola beverage was
previously found to increase the Cmax and AUC of itraconazole
by approximately 121% and 80%, respectively (15). The ad-
ministration of ketoconazole at 200 mg to healthy fasting vol-
unteers in a simulated state of achlorhydria induced with
cimetidine and sodium bicarbonate decreased the Cmax and
AUC of ketoconazole by 93% and 92%, respectively (21). In
two separate studies in which healthy volunteers received
200-mg itraconazole capsules, a higher gastric pH decreased
the itraconazole Cmax and AUC values by approximately 40%
to 50% (20, 22). In the present study, the coadministration of
posaconazole at 400 mg with an acidic carbonated beverage
and esomeprazole partially restored the Cmax and AUC of
posaconazole to the levels observed when it was administered
alone under fasted conditions, and a similar pattern was ob-

FIG. 2. Mean posaconazole plasma concentration-time profiles following oral administration of posaconazole at 400 mg BID with or without
a nutritional supplement (Boost) or at 200 mg QID with or without the nutritional supplement for 7 days.

FIG. 3. Mean posaconazole plasma concentration-time profiles following administration of a single oral dose of posaconazole at 400 mg when
the subject was fasted, 5 min before a high-fat meal, during a high-fat meal, or 20 min after a high-fat meal.
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served when ketoconazole was coadministered with omepra-
zole and a cola beverage (4). In contrast, the Cmax and AUC
levels were similar when itraconazole was administered alone
and when it was coadministered with ranitidine and cola (20).
The modest effect of low gastric acidity on the absorption of
fluconazole is not clinically significant (10, 22).

Part 2 of the study examined the effects of the frequency of
posaconazole administration and prandial state on posacon-
azole absorption. The design used established clinical condi-
tions that simulated those of seriously ill patients who cannot
eat a high-fat meal or tolerate food. The regimens of 400 mg
BID and 200 mg QID (total dose, 800 mg/day) were chosen
because these are the approved regimens for posaconazole for
the treatment of oropharyngeal candidiasis refractory to itra-
conazole and/or fluconazole (United States) or refractory IFIs
(European Union) (31, 33). The results showed that relative to
the results obtained with posaconazole at 400 mg BID for 7
days under fasting conditions, the administration of posacon-
azole at 400 mg BID with a nutritional supplement increased
the Cmax and the AUC by 65% and 66%, respectively; and the
administration of posaconazole at 200 mg QID with and with-
out a nutritional supplement increased the Cmax by 137% and
136%, respectively, and increased the AUC by 157% and
161%, respectively. These findings are consistent with those of
earlier studies with healthy volunteers in which the adminis-
tration of posaconazole at 400 mg with a liquid nutritional
supplement (Boost Plus) increased the AUC and Cmax of
posaconazole by 2.6-fold and 3.4-fold, respectively, an extent
similar to that observed with a nonfat meal (8, 29). The dif-
ferences observed between BID and QID dosing were consis-
tent with those observed in a previous study in which Cmax

increased by 64% when posaconazole was administered at 400
mg every 12 h and by 195% when posaconazole was adminis-
tered at 200 mg every 6 h (11). Posaconazole is a compound
with high lipophilicity, high permeation (28), and low aqueous
solubility; and consequently, its absorption appears to be lim-
ited by solubility. Therefore, the splitting of an 800-mg dose
into two doses given 12 h apart or four doses given 6 h apart is
likely to increase the soluble fraction of posaconazole.

In part 3, relative to the results obtained with a single
400-mg dose of posaconazole administered under fasting con-
ditions, the posaconazole Cmax and AUC increased by 96%
and 111%, respectively, when posaconazole was given 5 min
before a high-fat meal; 339% and 382%, respectively, when it
was given during a high-fat meal; and 333% and 387%, respec-
tively, when it was given 20 min after a high-fat meal. These
findings are consistent with the results of an earlier study in
which, relative to the results obtained by the administration of
a single 200-mg dose of posaconazole oral suspension under
fasted conditions, the administration of the posaconazole sus-
pension 5 min after the completion of a high-fat meal in-
creased the posaconazole Cmax and AUC by 288% and 291%,
respectively (8). Thus, the coadministration of food appears to
be a key factor governing enhanced posaconazole exposure (8).
This is probably because a fatty meal provides an ideal oily solvent
that solubilizes posaconazole into a monomeric, absorbable form.
Furthermore, this study showed that the timing of the meal rel-
ative to the timing of administration of the dose is also important,
with drug administration during or immediately after a meal pro-
viding a larger increase in the posaconazole AUC than that ob-
tained by administration before a meal.

Studies with healthy volunteers have shown that food has
different effects on the absorption of the other azole antifun-
gals. Food showed inconsistent effects on Cmax and AUC levels
when ketoconazole was administered at doses ranging from
200 mg to 800 mg, but overall, food appears to have little
impact on ketoconazole absorption (9). Similarly, food does
not have a clinically significant effect on the absorption of
fluconazole (10, 40, 41). In studies that used the capsule for-
mulation of itraconazole, the level of absorption was increased
relative to that achieved in the fasted state when itraconazole
was administered with a meal. The increases in the itracon-
azole Cmax and AUC reported previously were 71% and 63%,
respectively (2); 100% and 70%, respectively (German sub-
jects) (40); 31% and 35%, respectively (Japanese subjects)
(40); 109% and 70%, respectively (41); and 244% and 163%,
respectively (38). However, the level of absorption of the cy-
clodextrin oral solution of itraconazole is decreased when it is

FIG. 4. Mean posaconazole plasma concentration-time profiles following administration of a single oral dose of posaconazole at 400 mg with
a nutritional supplement (Boost), with metoclopramide and the nutritional supplement, or with loperamide and the nutritional supplement.
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administered with a meal relative to the level of absorption
achieved in the fasting state. In a single-dose study, compared
with the results obtained in the fasted state, the administration
of itraconazole solution at 100 mg immediately after a high-fat
breakfast decreased the Cmax by 137% and the AUC by 39%
(37). In healthy volunteers who received itraconazole solution at
200 mg once daily for 15 days (until steady state was reached), the
Cmax and the AUC were decreased by 37% and 29%, respec-
tively, when itraconazole was given with food (3). As with the
itraconazole oral solution, the level of absorption of oral voricon-
azole is decreased when it is administered with food (24). Com-
pared with the results obtained with the administration of vori-
conazole at 200 mg BID in a capsule formulation in the fasted
state, steady-state administration with food decreased the vori-
conazole Cmax and AUC by 22% and 35%, respectively (24).

Part 4 examined whether the improved absorption of
posaconazole, when it was administered with food, was the
result of delayed gastric emptying or was solely the result of
improved solubility, as suggested by the findings of part 3. The
results showed that the coadministration of posaconazole with
metoclopramide, a prokinetic agent, decreased the level of
posaconazole absorption (i.e., it decreased the Cmax by 21%
and the AUC by 19%). This decrease is not likely to be clini-
cally relevant, given the wide therapeutic index of posacon-
azole (17, 19). This association between increased gastric emp-
tying and decreased posaconazole exposure is consistent with
the findings of an analysis of the pharmacokinetics of posacon-
azole in allogeneic HSCT recipients with GVHD, in which
patients with diarrhea had a lower Cmax than those without
diarrhea (median Cmaxs, 623 	 685 ng/ml [n � 18] versus 1,460
	 972 ng/ml [n � 223], respectively) (17).

In contrast, the coadministration of posaconazole with loper-
amide, an antikinetic agent, did not affect absorption to a relevant
degree (Cmax was decreased by 3% and AUC was increased by
11%). Thus, although it has been suggested that high-fat meals
increase the level of absorption by prolonging gastric residence
times (8), the enhanced plasma posaconazole concentration and
the enhanced exposure to posaconazole observed in this study
when posaconazole was administered with a high-fat meal or a
nutritional supplement are more likely the result of improved
solubility, as indicated by the results of part 3.

In each part of the present study, posaconazole was well toler-
ated and was considered safe, and no clinically significant changes
in blood chemistry or hematological parameters, vital signs, or
ECG results were observed. Commonly reported adverse events,
including headache, nausea, diarrhea, dizziness, asthenia, and fa-
tigue, were also frequently reported by healthy volunteers (6, 8)
and patients (5, 25, 35, 39) who received posaconazole in other
studies. The higher incidence of adverse events in part 2 of this
study (75% versus 25% to 38% in the other parts) may have been
because of the subjects’ reduced daily caloric intake, which was
restricted to either a nutritional supplement alone or a nonfat diet
of approximately 800 cal per day for 7 days.

The results of this study have important implications for the
management of patients who are candidates for posaconazole
therapy, especially those whose conditions predispose them to
decreased levels of posaconazole absorption. For example,
pharmacokinetic analysis of allogeneic HSCT recipients who
received posaconazole prophylaxis showed a difference in me-
dian posaconazole Cmax values between patients (n � 158)

with acute GVHD (1,130 	 858 ng/ml) and patients (n � 82)
with chronic GVHD (1,785 	 1,030 ng/ml) (17). Although the
median posaconazole concentrations in patients with both
acute and chronic GVHD were sufficient to prevent IFIs, four
of the five patients who developed IFIs while they were receiv-
ing posaconazole had acute GVHD. In these four patients, the
average concentration of posaconazole ranged from 66 to 857
ng/ml, two patients experienced diarrhea at or subsequent to
the baseline, and one patient had vomiting at the baseline. The
patient with chronic GVHD who developed an IFI also had
diarrhea at the baseline.

One component of a clinical trial of posaconazole as salvage
therapy for patients with IFIs was a quartile analysis of the rela-
tionship between the steady-state Cmax or the average concentra-
tion in plasma (Cavg) and the response for the subset of patients
with invasive aspergillosis (39). That analysis indicated that al-
though posaconazole was effective at a mean Cavg of as low as 411
ng/ml with a 53% response rate in the second-lowest quartile,
higher plasma posaconazole concentrations were associated with
higher response rates. The response rate in the lowest quartile
(mean Cmax, 142 ng/ml; mean Cavg, 134 ng/ml) was 24%, whereas
the response rate in the highest quartile (mean Cmax, 1,480 ng/ml;
mean Cavg, 1,250 ng/ml) was 75%. These data demonstrate the
importance of optimizing posaconazole absorption in patients
who are at risk for or who have IFIs.

The findings of this study suggest strategies that should be used
to maximize posaconazole absorption (Fig. 5). The most desirable
approach is to give posaconazole during or after a high-fat meal,
but administration with any meal or with a nutritional supplement
is an acceptable alternative. Dividing the posaconazole dose or
taking posaconazole with an acidic carbonated beverage is an
appropriate strategy for increasing the level of systemic absorp-
tion in patients who cannot tolerate food. When posaconazole is
administered to patients with severe GVHD or other conditions
that predispose them to decreased levels of absorption, avoiding
the concomitant administration of a PPI, if possible, is likely to be
beneficial.

Conclusion. Posaconazole absorption is affected by the con-
sumption of an acidic carbonated beverage, gastric pH, pran-
dial state, and the timing of dose administration relative to the
time of a meal. The enhanced plasma posaconazole concen-
tration and the enhanced exposure to posaconazole that are
observed when posaconazole is administered with a nutritional
supplement or a high-fat meal are likely the result of improved
solubility rather than delayed gastric emptying. The strategies

Strategies for optimizing absorption of posaconazole
Take with or immediately after a high-fat meal

 Take with any meal

 Take with a nutritional supplement

 Take with an acidic carbonated beverage

 Divide the dose

In lower absorption states, consider avoiding proton pump inhibitors

FIG. 5. Strategies for posaconazole administration to optimize ab-
sorption
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to maximize posaconazole absorption range from administra-
tion with or after a high-fat meal to the possible avoidance of
PPIs if patients are likely to experience decreased absorption.
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